Background Early gastric cancers (EGCs) within the mucosal layer of the gastric wall have a small risk of lymph node (LN) metastasis. Methods We reviewed clinicopathology data for patients who underwent surgery for EGC between 2001 and 2013 at the National Cancer Center, Korea. Poisson regression analyses were performed to compare the risk of LN metastasis according to the depth of tumor invasion in patients with mucosal EGCs. Results Among the 1776 EGC patients included, 580 (32.7 %) had tumors confined to the lamina propria (LP; LP group) and 1196 (67.3 %) had tumors invading the muscularis mucosae (MM; MM group). Seventy-one patients (4.0 %) had LN metastasis, and the MM group had a significantly higher rate of LN metastasis (59 patients, 4.9 %) than the LP group (12 patients, 2.1 %; P = 0.004). A multivariate analysis showed that tumors invading the MM (adjusted risk ratio 1.95; P = 0.045) were significantly associated with LN metastasis in addition to wellknown risk factors, including tumor size greater than 3 cm, presence of ulceration, undifferentiated histologic type, and lymphovascular invasion. The incidence of LN metastasis was 1.87 % (95 % confidence interval 0.23-6.59 %) within tumors invading the MM that met the expanded criterion for endoscopic resection of differentiated histologic type of size 3 cm or smaller with ulceration. LN metastasis was not found in tumors meeting the absolute criteria for endoscopic resection. Conclusions EGCs invading the MM had a higher rate of lymph node metastasis than those confined to the LP. Further study is needed to evaluate whether different curative treatment criteria are needed for LP-confined and MM-invading EGCs.
Introduction
Endoscopic resection is an important treatment modality for early cancers of the upper gastrointestinal tract when there is no risk of lymph node metastasis [1] . However, the endoscopic resection indication criteria are different for esophageal and gastric cancers depending on the depth of tumor invasion, especially for tumors confined to the mucosal layer. In esophageal squamous cell carcinoma, endoscopic resection is indicated only for tumors confined to the lamina propria (LP) [1, 2] , because tumors invading the muscularis mucosae (MM) have significant risk of lymph node metastasis, with an incidence of 11.8-12.5 % [3, 4] . However, in mucosal gastric cancer, the endoscopic resection indication criteria do not take into consideration whether tumors are confined to the LP or invade the MM [1] .
Lymphovascular invasion is a primary risk factor associated with lymph node metastasis in early gastric cancer (EGC) [5, 6] . In the gastric mucosa, lymphatic capillaries are found only in the deeper third of the LP, which is adjacent to the MM [7, 8] , and these structures are less abundant in the gastric mucosa as compared with the esophageal mucosal layer [9] . Current endoscopic resection indication criteria for EGC are based on analyses of many surgically resected specimens, but do not consider the depth of tumor invasion within the mucosal layer [5] . In a study of Western patients, Hölscher et al. [10] reported different rates of lymph node metastasis in mucosal EGCs according to the depth of invasion; the rate of lymph node metastasis was 12.8 % in patients with tumors invading the MM, but 0 % in patients whose tumors were confined to the LP. Thus, endoscopic resection is a questionable modality for EGC lesions invading the MM. Nevertheless, controversy remains, because most of the large-scale Eastern studies have not considered the depth of tumor invasion within the mucosal layer.
Because of these disparities, we investigated the differences in lymph node metastasis rates and risk factors in patients with mucosal EGCs according to the invasion depth.
Patients and methods

Study population
From January 2001 to December 2013, 3885 patients underwent gastrectomy for EGCs at the National Cancer Center, Korea. Following a retrospective review of the clinical and pathology data for these patients, only patients with a diagnosis of mucosal EGC were considered for inclusion in the present study. The exclusion criteria for the study were as follows: (1) patients without information on the exact depth of invasion, (2) patients who had both tumors confined to the LP and tumors invading the MM at the same time, and (3) patients who had already undergone a gastrectomy. Then, all included patients were classified into the LP group or MM group according to the depth of invasion. This study was approved by the Institutional Review Board of the National Cancer Center, Korea (Institutional Review Board number NCC2014-0214).
The clinical data analyzed included baseline demographics and endoscopic findings. The pathology data analyzed included tumor location, size, histologic type, ulceration, presence of lymphovascular invasion, and lymph node metastasis.
Surgical procedures
Laparoscopic or open radical gastrectomy with lymph node dissection was performed for all included patients. Billroth I or Billroth II reconstruction was performed for patients who underwent a partial gastrectomy, and Roux-en-Y esophagojejunostomy was performed for those patients who underwent total gastrectomy. All patients underwent D1? or greater lymph node dissection based on the guidelines of the Japanese Gastric Cancer Association [11] .
Twenty-three patients who underwent gastrectomy after endoscopic resection because of noncurative resection or undifferentiated tumor histologic type on the final pathology report were also included. Most patients underwent endoscopic submucosal dissection, except for two patients who underwent endoscopic mucosal resection. Detailed endoscopic resection procedures were described in a previous study [12] .
Pathological evaluation
All resected specimens were fixed in 10 % formalin for pathological evaluation. The fixed specimens were sliced serially at 4-mm intervals, embedded in paraffin blocks, and stained with hematoxylin and eosin. All resected lymph nodes were also prepared for pathological evaluation. All the pathological evaluations were performed by a single specialized pathologist for gastric cancer (M.-C. KooK). Tumor histologic types were classified according to the Japanese classification of gastric cancer [13] and the World Health Organization classification of gastric cancer [14] . The differentiated histologic type included papillary adenocarcinoma and well and moderately differentiated tubular adenocarcinoma, whereas the undifferentiated histologic type included poorly differentiated adenocarcinoma, signet ring cell carcinoma, and mucinous adenocarcinoma [11] . Tumors having both differentiated and undifferentiated histologic components were classified according to the histologic type constituting most of the tumor (50 % or more) [11, 14] . The presence of ulceration was based on the pathological or endoscopic evidence of ulcer findings. In patients with multiple tumors, one main lesion was selected and included in the analyses according to the following order of priority: (1) tumors with lymphovascular invasion, (2) tumors of undifferentiated histologic type, and (3) tumors of the largest size.
Statistical analysis
Baseline demographics and pathological characteristics were compared according to the depth of tumor invasion. Chi-square and Fisher's exact tests were used for comparisons of categorical variables, whereas the Student's t test or the Mann-Whitney test were used for comparisons of continuous variables. To analyze the risk factors associated with lymph node metastasis in mucosal EGCs, Poisson regression analyses were performed in all included patients as well as in subgroups of patients according to the depth of invasion. Variables that showed a difference with a P value less than 0.10 between patients with lymph node Lymph node metastasis risk according to the depth of invasion in early gastric cancers… 861 metastasis and those without lymph node metastasis were included in covariate for multivariate analyses. The incidences of lymph node metastasis were estimated with a 95 % confidence interval (CI) based on the exact binomial distribution. All statistical analyses were performed with STATA 12.1 (STATA, College Station, TX, USA). P values less than 0.05 were considered statistically significant.
Results
Baseline clinical and pathological characteristics
Of the 3885 EGC patients who underwent surgery, 1992 had mucosal EGC. Of these, 1776 patients were included in the final analyses (Fig. 1) . The median age of the patients was 56 years (interquartile range 47-66 years), and 61.0 % of the patients were male. Of the included patients, 580 patients (32.7 %) were classified into the LP group and 1196 (67.3 %) were classified into the MM group. Patients in the MM group were significantly older and included more male patients. Tumors in MM group were larger, included more tumors of differentiated histologic type, and presented with a larger proportion of ulcer findings and lymphovascular invasion with statistical significance (Table 1) .
Risk factors associated with lymph node metastasis
Of the 1776 patients with mucosal EGCs, 71 patients (4.0 %) had lymph node metastasis, with 12 patients (2.1 %) in the LP group and 59 (4.9 %) in the MM group (P = 0.004). The rate of lymph node metastasis was significantly higher in the MM group than in the LP group (Table 1) .
In the univariate analyses, younger age, tumor size greater than 3 cm, undifferentiated histologic type, ulcer findings, lymphovascular invasion, and tumors invading the MM were the factors significantly associated with lymph node metastasis. The multivariate analysis found that tumor invasion into the MM was an independent risk factor for lymph node metastasis (adjusted risk ratio 1.95; 95 % CI 1.02-3.73; P = 0.045). In comparison with tumor size of 2.0 cm or less, tumor size greater than 3 cm was a significant risk factor for lymph node metastasis (adjusted risk ratio 3.10; 95 % CI 1.54-6.27; P = 0.002). In addition, undifferentiated histologic type, ulcer findings, and lymphovascular invasion were also independent risk factors for lymph node metastasis ( Table 2) .
Risk factors were analyzed according to the depth of tumor invasion. A multivariate analysis showed that tumor size greater than 3 cm and lymphovascular invasion were independent risk factors associated with lymph node metastasis in patients with tumors confined to the LP (Table 3 ). In patients with tumors invading the MM, risk factors for lymph node metastasis were tumor size greater than 3 cm, undifferentiated histologic type, ulcer findings, and lymphovascular invasion ( Table 4) .
Incidence of lymph node metastasis in patients with EGCs meeting the endoscopic resection indication criteria
Of 1776 patients with mucosal EGCs, 961 had lesions meeting the absolute indication criteria (234 lesions) or Fig. 1 Flowchart of the study design. EGC early gastric cancer expanded indication criteria (727 lesions) for endoscopic resection, and lymph node metastasis was found in six patients (0.62 %; 95 % CI 0.23-1.35 %). Lymph node metastasis was found in two patients with tumors confined to the LP (0.59 %; 95 % CI 0.07-2.11 %) and in four patients with tumors invading the MM, but this was not statistically significant (0.64 %; 95 % CI 0.18-1.64 %; P = 0.920). For tumors meeting the absolute indication criteria for endoscopic resection, there were no lymph node metastases. All lymph node metastases were found in mucosal EGCs that met the expanded indication criteria for endoscopic resection. In patients with tumors confined to the LP, lymph node metastases were found only in tumors included in the expanded indication criterion of undifferentiated histologic type of size 2 cm or smaller without ulceration. In contrast, in patients with tumors invading the MM, lymph node metastases were found in tumors that met all the expanded indication criteria. In particular, the incidence of lymph node metastasis was 1.87 % (2 of 107 patients; 95 % CI 0.23-6.59 %) in differentiated histologic type tumors 3 cm or smaller with ulceration (Table 5 ).
Discussion
We investigated the risk of lymph node metastasis in mucosal EGC patients according to the depth of tumor invasion. The rate of lymph node metastasis was significantly higher in patients with tumors invading the MM than in those with tumors confined to the LP. Furthermore, tumor invasion into the MM was found to be an independent risk factor for lymph node metastasis in the multivariate analysis.
In the treatment of early gastrointestinal cancers, endoscopic resection is performed for lesions that are not likely to metastasize to the lymph nodes. In general, endoscopic resection is indicated for tumors confined to the LP in early esophageal cancers [1, 2] . For early colorectal cancers, endoscopic resection is performed for tumors that invade down to the shallow submucosal layer (submucosal invasion less than 1000 lm) [15] . The indication criteria for endoscopic resection based on the depth of tumor invasion may be different for cancers arising in different portions of the gastrointestinal tract because of the distribution of the Lymph node metastasis risk according to the depth of invasion in early gastric cancers… 863 lymphatic vessels; the esophageal mucosal layer has abundant lymphatic vessels, whereas there are hardly any lymphatic vessels in the colonic mucosal layer [16] , and significantly fewer than in the submucosal layer [17] . In the stomach, lymphatic vessels originate in the deep LP adjacent to the MM [7, 8] . The diameter of lymphatic vessels tends to be larger as they enter the deep LP to the submucosal layer [18] . Thus, lymph node metastasis risk in gastric cancer might be different for cancers invading the LP or the MM because lymphovascular invasion is the most important risk factor in gastric cancer. Until now, however, the risk of lymph node metastasis for EGC based on the depth of tumor invasion into the mucosal layer has not been well studied. In a study of Western patients, Hölscher et al. [10] reported the risk of lymph node metastasis among tumors confined to the LP and those invading the MM. The rates of lymph node metastasis were 0 % in tumors confined to the epithelium and LP, 12.8 % in those invading the MM, and 16-40 % in those invading the submucosa. However, this study only evaluated the risk of lymph node metastasis in 47 patients with mucosal EGC. Additionally, previous Japanese or Korean studies that evaluated lymph node incidence of mucosal EGCs did not differentiate between the LP and the MM [5, 19, 20] . In the present study, we included a large number of EGC patients, and found that the risk and incidence of lymph node metastasis was significantly higher in MM-invading cancer than in LP-confined cancer (4.9 % vs 2.1 %, respectively; P = 0.004).
We also identified significant risk factors for lymph node metastasis in mucosal EGCs as tumor size larger than 3 cm, undifferentiated histologic type, the presence of ulceration, and lymphovascular invasion. A systematic review of 45 studies reported that age younger than 57 years, tumor location in the middle part, larger tumor size, depressed tumor type, ulcer findings, undifferentiated histologic type, and lymphatic tumor invasion were significantly associated with lymph node metastasis in mucosal cancer [6] , which were findings similar to those in our study. However, previous studies did not consider the depth of invasion within the mucosal layer as a risk factor for lymph node metastasis, which we found to be an important risk factor for lymph node metastasis in mucosal cancer.
The risk factors for lymph node metastasis were different for tumors confined to the LP compared with those invading the MM. Tumor size greater than 3 cm and lymphovascular invasion were risk factors for lymph node metastasis in patients with either LP-confined or MM-invading tumors, whereas undifferentiated histologic type and ulcer findings were only risk factors for patients with tumors invading the MM. In our study, half as many patients had tumors confined to the LP as those with tumors invading the MM. Although the risk factors associated with lymph node metastasis seem to vary depending on the depth of tumor invasion in the multivariate analysis, the univariate analysis showed that patients with tumors confined to the LP had odds ratios for risk factors similar to those with tumors invading the MM. Thus, the differences in risk factors identified between LP-confined and MMinvading tumors might be due to the small sample size and the overall lower lymph node metastasis rates in LP-confined cancer.
Gotoda et al. [5] reported that patients with mucosal EGC of the differentiated histologic type that met the indication criteria for endoscopic resection had a negligible risk of lymph node metastasis. In the present study, the incidence of lymph node metastasis was 0 % in the Lymph node metastasis risk according to the depth of invasion in early gastric cancers… 865 mucosal EGCs that met the absolute indication criteria for endoscopic resection. However, lymph node metastases were observed in the mucosal EGCs that met the expanded indication criteria for endoscopic resection. In the EGC lesions invading the MM, lymph node metastases were detected in patients meeting all the expanded indication criteria for endoscopic resection, especially in those meeting the criterion of differentiated intramucosal cancer of size 3 cm or smaller with ulceration. In general, endoscopic resection is performed for EGC lesions meeting the expanded indication criteria, because those lesions have zero risk of lymph node metastasis, with an upper limit of the 95 % CI of less than 1 % [5] . However, in the present study, the MM-invading differentiated lesions of size 3 cm or smaller with ulceration had a high incidence of lymph node metastasis (1.87 %). In the EGC lesions confined to the LP, lymph node metastasis was not observed in differentiated tumors meeting the expanded indication criteria. Thus, differentiated EGC lesions invading the MM that meet the expanded indication criteria for endoscopic resection might have some risk of lymph node metastasis, especially for those with tumors with ulceration. Further studies are needed on these EGCs to evaluate the association between the risk of lymph node metastasis and other factors, such as the presence of mixed histologic types [21, 22] . Additionally, Hirasawa et al. [23] also reported that undifferentiated mucosal EGCs which met the expanded indication criteria had zero risk of lymph node metastasis. Several other studies have also reported favorable outcomes after endoscopic submucosal dissection for undifferentiated mucosal EGCs [24] [25] [26] . However, in the present study, lymph node metastases were observed in patients with mucosal EGCs confined to the LP as well as in patients with tumors invading the MM. Thus, the risk of lymph node metastasis should not be ignored for undifferentiated mucosal EGCs, even if the EGC lesions are confined to the LP and meet the expanded indication criteria for endoscopic resection. Studies with a larger number of patients and long-term follow-up will be needed to confirm the safety of endoscopic resection for those lesions.
The main advantage of this study is that a large number of patients with mucosal EGC were included in the analyses. Therefore, it was possible to evaluate the risk of lymph node metastasis among mucosal EGC patients, and also according to the depth of tumor invasion within the mucosal layer.
This study also had several limitations. First, it was retrospective study, and only patients who underwent surgery were included. Thus, possible selection bias was unavoidable. Second, many of the patients with mucosal EGCs underwent endoscopic resection instead of surgery, especially for EGCs invading the LP. As a result, the incidence rates for lymph node metastasis and the upper limit of the CI might have been overestimated.
In conclusion, EGC lesions invading the MM had a higher rate of lymph node metastasis than those confined to the LP. There was a nonnegligible rate of lymph node metastasis in EGCs that invaded the MM, even though the lesions met the expanded indication criteria for endoscopic resection, especially the criterion of differentiated histologic type of tumors 3 cm or smaller with ulceration. Further study is needed to evaluate whether different treatment criteria for endoscopic resection are needed for LP-confined and MM-invading EGCs. b One-sided 97.5 % CI Lymph node metastasis risk according to the depth of invasion in early gastric cancers… 867
